Introduction
The significance of apoptosis in the response of cancer cells to gamma radiation is a major con cern. The overall response of the cells to ionizing radiation is dependent on radiation doses. Low doses (up to 2 Gy per fraction) has been applied for therapy of various carcinomas (Kokawa et al., 1999) . Intermediate doses ( 1 0 -1 2 Gy) has been applied for preparation of feeder layers for culti vation of hematopoietic cells (Verfaille et al., 1990) 
Materials and Methods

Cell lines and culture conditions
Melanoma cell lines were established from pa tients with metastases of malignant melanoma using minor modifications of the method de scribed by Dillman et al. (1993) . MelP originates from a lymph node and MelG from a tumor node. The nodes were placed in 6 cm petri dishes con taining 5 ml R PM I-1640 medium and minced with a scissors. Cells were suspended using wide mouthed pipette and transferred in a T-25 tissue culture flask containing 1 ml fetal bovine serum (FB S ). The procedure was performed within 2 h of tumor harvest. The non-adherent cells were transferred to a second T-25 flask 1 h later. The cultures were maintained further in medium with 10% FBS. The non-adherent cells obtained by me dium change were cultured in reduced volume at minimal cell density 5 x l 0 5/ml. The adherent cells of the confluent cultures were treated with 1 mM E D T A in phosphate buffered saline (PBS) and 0.1% trypsin. The cells were suspended by gently pipetting and seeded at minimal cell density of 2 x l 0 5/ml. By week 8 of culture the population doubling time was 2 -3 days.
Cisplatin solution (0.1 mg/ml) was prepared ex tempore in sterile redistilled water. Cells were ex posed for 4 h to the drug then washed and subcult ured in 2 cm 2 wells in medium without cisplatin.
Irradiation procedures
Exponentially growing melanoma cells were col lected and resuspended in fresh culture medium in sterile 15-ml plastic tubes. Each tube was posi tioned co-axially in a cylindrical tissue equivalent phantom to provide secondary particle equilib rium and irradiated with 60Co gamma rays at the dose rate of 1.7 Gy/min. Separate samples were irradiated to 8, 20, 50, and 100 Gy, respectively.
Trypan blue exclusion test
Cells were harvested in a 15 ml tube and centri fuged 5 min at 500 g. Ten jil of the cell suspension were mixed with 10 ^il 0.4% Trypan blue on a piece of parafilm and transferred to hemocytometer chamber. The cells in the 1-mm center square were counted keeping a separate count of the stained non-viable cells.
Long-term survivial assay
Cells exposed to cisplatin or gamma rays were collected in sterile 15-ml tubes, centrifuged for 5 min at 500 g and resuspended in sterile RPM I-1640, 15% FBS. Aliquots of 105 cells were cultured in 2 cm 2 culture wells. The cultures maintained 2 to 5 weeks were feeded once weekly and the cells removed by medium change were scored. The well cultures were harvested with trypsin-EDTA. The viable and dead cells in four parallel samples were counted as described above. To calculate the total cell number per well the number of cells removed by medium change was added. 
DN A strand breaks labeling by terminal deoxynucleotidyl transferase-mediated dU T P nick end labeling (T U N E L ) reaction
Cells
Results and Discussion
Morphological characterization o f melanoma cells:
The human melanoma cell lines MelP and MelG were established after a 1 0 -1 2 week of culture. They keep morphological heterogeneity of the population for up to 18 months continuous growth (Fig. la ) (Fig. lb) . The morphological characteristics of ir radiated melanoma cells indicated accumulation of polyploid cells with lobulated nuclei and m icro nuclei due to continued D NA replication on G2-arrested cells (Bulavin et a l, 1998) .
Non-irradiated MelG cell lysates (2 x l0 7 cell/ml) were colorless but a dense brown pigmentation was observed in the cell lysates obtained 2 4 -7 2 h after irradiation. The pigmentation of melanoma cells in aged cultures is considered to indicate their maturation. The accelerated pigmentation of gamma irradiated immature MelG cells requires further investigations.
Apoptotic effect o f gamma radiation and cisplatin
Gamma irradiated (8 -1 0 0 G y ) MelP or MelG cells were cultured in three independent experi ments at density 2 x l0 5 cells/ml. By day 3 cells were harvested and counted (Table I) To compare the apoptotic effect after gamma radiation with the effect of another DNA dam ag ing agent exponentially growing MelP and MelG cells were exposed to 3 or 10 [xg/ml cisplatin. The apoptotic effect increased linearly up to day 3. In cultures exposed to 3 [ig/ml cisplatin the apoptotic effect was similar as in irradiated cultures (Ta ble I). The cultures exposed to 10 |ig/ml cisplatin contained approximately 90% trypan blue positive cells by day 3. These cultures died by day 5.
Lack of detectable DNA strand breaks in a con siderable part of gamma-irradiated or cisplatin treated human melanoma cells with damaged cell membranes suggests that DNA degradation could be partly compensated by DNA repair. The following experiments support this assumption.
Survival o f melanoma cells exposed to cisplatin or gamma radiation
Irradiated melanoma cells (8 Gy, 20 Gy, 50 Gy, and 100 Gy) were sub-cultured at a density of 2x l 05 cells/ml with one medium change per week. The cell fractions removed by medium change were scored for the end calculation of the total cell number of the cultures as described in M eth ods. These fractions contained 9 0 -9 5 % trypan blue positive cells. A considerable part of the ad herent cells in 8-and 20-Gy irradiated cultures re mained trypan-blue negative and these cultures re covered after 3 weeks (Fig. 4b and 4c) 
